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Twenty-six children, aged 5 weeks to 14.7 years, under-
went percutaneous balloon angioplasty for a discrete na-
tive coarctation of the aorta. The procedure reduced the
systolic coarctation gradient acutely in all children. The
mean systolic gradient decreased by 75%, from 48.6 :t
2.4 before to 12.3 :t 1.9 mm Hg after angioplasty (p <
0.001). Long-term results were evaluated in 14 children
by follow-upcatheterization 12 to 26 months (mean 15.3)
after angioplasty. At follow-up, the residual gradient
averaged 11.7 ± 3.7 mm Hg (range -5 to 36) and had
not changed from that measured immediately after an-
gioplasty (p = 0.64). Compared with preangioplasty
values, the systolic pressure in the ascending aorta had
improved substantially at follow-up (116.0 ± 3.2 versus
143.9 ± 3.1 mm Hg, p < 0.001).
On the basis of follow-updata, two groups of children
were identified: Group 1 consisted of nine children with
a good result, defined as a residual gradient <20 mm
Hg and no aneurysm; Group 2 consisted of fivechildren
with a poor result, four with a residual gradient >20
mm Hg (range 25 to 36) and one with an aneurysm at
Although surgical repair is considered conventional treat-
ment for coarctation of the aorta, the long-term results have
been less than optimal. Late restenosis (1-3) and aneurysm
formation (4,5) have been disturbing sequelae of surgical
repair, and the surgical procedure itself may be associated
with significant morbidity and mortality (6,7). Recently,
percutaneous balloon angioplasty has been used in small
series as an alternative to surgical repair for children with
coarctation of the aorta (8-15). Angioplasty appears to be
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the dilation site. There was no statistical difference be-
tween the two groups in age at angioplasty, balloon size,
ratio of balloon to isthmus diameters, follow-up dura-
tion, heart rate or cardiac output. However, of the four
children with a residual gradient>20 mm Hg, two were
the youngest in the study, and in two the aorta was
inadvertently dilated with a balloon 4 to 5 mm smaller
than the isthmus diameter. There was a significant dif-
ference between groups in the systolic coarctation gra-
dient before angioplasty. All children whose preangio-
plasty gradient was <50 mm Hg had a good outcome,
while five of six children whose preangioplasty gradient
was 2':50 mm Hg had a poor long-term result (Fisher
exact test, p = 0.003). Thus, a good long-term result
was documented in 64% of patients and appears most
likely to be achieved in children with a preangioplasty
gradient <50 mm Hg. Percutaneous balloon angioplasty
may provide an effective nonsurgical approach to some
children with a native coarctation.
(J Am Coli CardioI1987;1O:1078-84)
effective in recurrent postoperative coarctation, and is now
considered by some to be the treatment of choice for this
condition (16). The use of balloon angioplasty for native
coarctation, however, is more controversial. Angioplasty
has been found to acutely reduce the gradient of a native
coarctation, but results in small series have suggested that
such relief may be short-lived (8, II) or that late aneurysm
formation may occur (15,17).
Since 1984, percutaneous balloon angioplasty has been
used at the University of Michigan as an experimental al-
ternative to surgery in 26 children with a native coarctation
of the aorta. The purpose of this report is to describe our
experience with balloon angioplasty in these children, with
emphasis on the long-term results in the first 14 who have
been reevaluated at cardiac catheterization 12 months or
more after angioplasty. Early and late results will be com-
pared, complications will be reviewed, and risk factors for
a poor long-term result will be assessed.
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Methods
Study patients. Since June 1984, 26 children have
undergone percutaneous balloon angioplasty for a native
coarctation at the University of Michigan. The procedure
was approved by the hospital institutional review board as
an experimental alternative to surgical repair and informed
consent was obtained for each study. Eligibility criteria in-
cluded the presence of a discrete thoracic coarctation with
a resting systolic gradient of ~30 mm Hg and systolic hy-
pertension in the arms with or without congestive heart
failure. Children with a long-segment coarctation or severe
isthmic hypoplasia werenotcandidates for angioplasty. During
the first 18 months of the study, children under 6 months
of age were also excluded. More recently, with the avail-
ability of smaller angioplasty catheters, we have utilized
balloon angioplasty in infants as young as 5 weeks of age.
Angioplasty procedure. Percutaneous balloon angio-
plasty is performed in the cardiac catheterization laboratory
with the patient lightly sedated. With local lidocaine anes-
thesia, a pigtail catheter is inserted percutaneously into each
femoral artery. A 5-7F catheter is advanced into the as-
cending aorta, and a 4-7F catheter is positioned in the de-
scending aorta to monitor distal pressure. A thermodilution
catheter is positioned in the pulmonary artery for measure-
ment of cardiac output before and after angioplasty. Each
patient is given heparin, 100 units/kg body weight (maximal
dose 3,000 units). The coarctation pressure gradient is mea-
sured from simultaneous ascending and descending aorta
pressure tracings. An ascending aortogram is then filmed in
the anteroposterior and lateral projections. An electrode
catheter, with a known interelectrodedistance, is positioned
in the superior vena cava to permit correction of the mag-
nification factor. If after angiography the coarctation is judged
suitable for angioplasty, a balloon catheter is chosen whose
inflated balloon diameter is equal to the diameter of the
isthmusjust distal to the left subclavianartery. If the isthmus
diameter falls between two balloonsizes, the smaller balloon
is used. A MansfieldScientificangioplasty catheter has been
utilized in mostcases, but recently we have used the Schwar-
ten catheter (a 5 mm balloon on a 4.7F shaft) in infants.
The balloon catheter is advanced over a 0.035 inch (0.88
ern) J-tipped exchange wire positioned in the ascending
aorta. The deflated balloon is placed across the coarctation
and is inflated to 4 to 6 atmospheres (or until the waist
disappears) for 5 to 10 seconds using a dilute mixture of
saline solution and contrast medium. Balloon inflation is
repeated three to five times with slight changes in catheter
position to assure optimal dilation of the coarctation. The
balloon catheter is then removed and a pigtail catheter is
advanced over the exchange wire to the ascending aorta.
Pressures are again recorded in the ascending and descend-
ing aorta, thermodilution cardiac output is measured and an
ascending aortogram is filmed. All catheters are then re-
moved and hemostasis is obtained with local pressure. The
patients are observed in a moderate care setting for 24 hours
after the procedure.
Follow-up study. Fifteen of the 26 patients have been
followed up for ~ 12 months after balloon angioplasty, and
14 have undergone repeat cardiac catheterization and an-
giography to document the long-term result. The family of
one patient. an 8 year old boy who experienced a cerebro-
vascular accident during the angioplasty procedure, has re-
fused a repeat catheterization, but no aneurysm was noted
on follow-up nuclear magnetic resonance (NMR) imaging.
In each child the repeat catheterization has included simul-
taneous measurement of ascending and descending aortic
pressures. thermodilution cardiac output and a biplane as-
cending aortogram. An aneurysm was diagnosed in the pres-
ence of: I) fusiform dilation at the coarctation site with a
diameter ~ 150% of the aortic diameter at the diaphragm
(4); or 2) a discrete saccular dilation at the site not present
on the preangioplasty aortogram.
Statistical analysis. All pressure gradients referred to
in this report were obtained at cardiac catheterization by
direct measurementof ascending and descendingaortic pres-
sures. Data are expressed as mean ± I standard error (SE)
of the mean. Data obtained immediately before and after
angioplasty and at follow-up are compared using a two-
tailed (-test for paired observations. Group data are com-
pared using a group Student's r-test. For all analyses a p <
0.05 value is required as evidence of a significant effect.
Results
Clinical features. The 26 children ranged in age from
5 weeks to 14.7 years (mean 6.3 ± 0.9) and in weight from
4.4 to 60 kg (mean 22.9 ± 3.0). The group consisted of
15 boys and II girls, including 5 with Turner's syndrome.
Associatedcardiovascular lesions included a bicuspid aortic
valve (seven patients), mild valvular aortic stenosis (one
patient), moderate subvalvular aortic stenosis (one patient),
a small patent ductus arteriosus (four patients), a small ven-
tricular septal defect (one patient), mild mitral stenosis (one
patient) and an atrioventricular septal defect with dextro-
cardia and a right aortic arch (one patient). Two infants
(aged 5 weeks and 6 months, respectively) presented with
congestive heart failure. All 26 children had systolic hy-
pertension in the arms. A 5 year old boy had undergone
attempted surgical repair 2 years earlier, but the procedure
was aborted in the operating room when his collateral cir-
culation was judged inadequate.
Angioplasty results. Percutaneous balloon angioplasty
was performed with balloons ranging from 5 to 20 mm in
diameter. The procedure acutely reduced the systolic coarc-
tation gradient in every child. The mean systolic gradient
decreased by 75%, from 48.6 ± 2.4 mm Hg before angio-
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plasty to 12.3 ± 1.9 mm Hg after angioplasty (p < 0.00 I).
The systolic pressure in the ascending aorta decreased from
141.0 ± 2.7 to 127.5 ± 3.0 mm Hg (p < 0.001); the
systolic pressure in the descending aorta increased from 92.4
± 1.9 to 115.3 ± 2.8 mm Hg (p < 0.001). There was no
significant change in heart rate or cardiac output after an-
gioplasty.
There were no deaths associated with balloon angio-
plasty. An 8 year old boy experienced a cerebrovascular
accident during the procedure and developed a moderate
hemiparesis that was nearly resolved I year later. Trans-
fusion was required in one child after excessive bleeding
occurred from the arterial puncture site. Arterial pulse loss
occurred in four children, but all pulses returned with 24 to
48 hours of heparin therapy. Thrombolytic agents were not
used in any patient.
Follow-up data. Fourteen children underwent a follow-
up cardiac catheterization and aortography 12 to 26 months
(mean 15.3) after balloon angioplasty (Fig. I and Table I).
In these children, angioplasty acutely decreased the systolic
coarctation gradient from 47.6 ± 3.0 to 13.0 ± 3.4 mm
Hg (p < 0.00 I) and the systolic pressure in the ascending
aorta from 143.9 ± 3.1 to 134.1 ± 4.2mmHg(p<0.01),
without a change in heart rate or cardiac output. At follow-
up 15.3 months later, the residual gradient averaged 11.7
± 3.7 mm Hg (range - 5 to 36) and had not changed from
that measured immediately after angioplasty (p = 0.64).
Compared with preangioplasty values, the systolic pressure
in the ascending aorta had improved substantially at follow-
up (116.0 ± 3.2 mm Hg, p < 0.001). Compared with
measurements made immediately after angioplasty, there
was a small but significant increase at follow-up in the aortic
diameter at the coarctation site (9.8 ± 1.1 versus 8.9 ±
1.1 mm, p = 0.02) and in the ratio of coarctation site to
isthmus diameters (0.82 ± 0.05 versus 0.76 ± 0.04, P =
0.03). These data, which exclude the one child with an
aneurysm, suggest that anatomic remodeling may have oc-
curred at the dilation site after balloon angioplasty.
Nine children were regarded as having a good long-term
result (Table I), which is defined as a residual gradient <20
mm Hg and no aneurysm at follow-up. These nine children
had a mean residual gradient of 4.3 ± 2.0 mm Hg (Figs.
2 and 3). Five children were considered to have a poor long-
term result because of a residual gradient >20 mm Hg in
four children and a small aneurysm at the dilation site in
one child (Fig. 4). There was no statistical difference be-
tween the two groups in age at angioplasty, balloon size,
ratio of balloon to isthmus diameters, follow-up duration,
heart rate or cardiac output. However, of the four children
with a residual gradient >20 mm Hg, two were the youngest
in this series (Patients 10 and 11) and in two the coarctation
was inadvertently dilated with a balloon 4 to 5 mm smaller
than the isthmus diameter (Patients 12 and 14). There was
a significant difference between groups in the systolic coarc-
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tation gradient before angioplasty. The preangioplasty gra-
dient averaged 41.3 ± 2.7 mm Hg (range 32.0 to 52.0) in
children with a good result, compared with 59.0 ± 2.5 mm
Hg (range 52.0 to 66.0) in those with a poor long-term
result (p < 0.001). All children whose preangioplasty gra-
dient was <50 mm Hg had a good outcome, whereas five
of six children whose preangioplasty gradient was ::=:50 mm
Hg had a poor long-term result (Fisher's exact test, p =
0.003).
Clinical response. A beneficial clinical response at fol-
low-up was observed in the majority of patients 12 to 26
months after coarctation angioplasty. Before angioplasty,
all 14 children were hypertensive (right arm systolic pressure
at rest exceeding the 95th percentile for age and sex). At
follow-up, hypertension had resolved completely in 10 chil-
dren and was diminished in 3 others. Leg claudication had
resolved in all four children who experienced it before an-
gioplasty. The infant with congestive heart failure had com-
plete resolution of symptoms after coarctation angioplasty.
Patients 11 and 14 remained hypertensive, had a significant
residual coarctation gradient at follow-up and underwent
successful surgical repair. An 8 year old boy with an aortic
aneurysm remained asymptomatic and had no progression
in aneurysm size detected by NMR imaging 6 months after
his follow-up catheterization.
Discussion
The data presented indicate that percutaneous balloon
angioplasty is an effective treatment alternative to surgery
in some children with a native coarctation of the aorta. Nine
z ~
<: :>-
"' n3 nif::::
:.~
-0 -
000
-> •
s~r 'Jl
~
Table I. Pert inen t Data R e g arding 14 C hi ldren Treated W ith Pe rc u ta ne o us Balloon A ng io p lasty for a N at ive C oarcta t io n a nd
Followed Up for 12 to 26 M onths
Preangioplasty Postangioplas ty Fo llow-U p
Cardiac Cardiac Ca rdiac
Isthmus Ba lloo n Index Aorta Coa rc Index Aorta Coarc Ratio Index Aorta Coarc Rati o
Age Diameter Diameter (lit ers/mi n Syst Grad (lit ers/m in Syst Grad C/ lsth Follow-Up (liters/min Syst Grad Cllsth
Patient (yr) (m m) (rnrn) per m' ) (rnm Hg) (rnm Hg) per nr') ( 01 01 Hg ) (mm Hg) Diameter (rn o) per m") (rnrn Hg) (rnm Hg ) Diamete r A neurysm
Group I (gradient < 20 I1Ull Hg and no aneurysm )
1.7 H 10 3 .6 140 45 3 .6 137 0 0 .80 12 120 0 1.00 Nu
2 4 .5 10 10 3 .7 140 32 - 134 0 0 .9 5 18 3. 9 109 0 1 00 No
3 4 .8 10 12 4 .0 123 35 4. 0 116 2 0 .95 12 4.1 106 12 091 No
4 5 8 10 4 .5 135 50 - 131 27 0 .75 16 122 10 085 No
5 5 .8 10 12 4 .2 128 36 4 .2 128 H 0 .74 13 128 6 0 .80 Ncl
6 9 .6 13 12 3 .6 160 52 3 .5 151 13 0 .62 17 3 .8 115 10 088 No
7 10 .9 12 10 3.6 148 40 3 .8 138 6 0 .83 14 3 .8 12 1 - I 0 .9 1 No
8 13 22 20 4 .3 140 50 - 126 a 0 .86 12 4 .3 120 -5 095 No
9 14.7 16 18 3 .3 ll.L- 32 - 94 0 0 .88 17 3.3 88 7 0.91 No
-
Mean 7. 8 12 .1 12 .7 3 .9 139 4 1.3 3 .8 128 6. 2 14 .5 3 .9 114 4 .3
± SE M 1.5 1.5 1.2 0 . 1 3 .6 2 .7 0 .1 5 .3 3 0 .8 0. 1 4 2 "":>-C
Grou p 2 (grad ient > 20 I1UIl Hg or ane urysm) Q
z
10 0 .6 6 7 4 .5 148 66 - 152 37 0 .50 12 3. 9 120 28 ()SO No :>-
II 1.4 8 8 4 .2 ISS 60 4.4 130 0 .75 12 120 35
z
19 (UI No o
12 7.7 14 10 6.4 155 62 6 .0 150 32 0 .68 16 4 .2 119 25 0.74 No is
."
13 8.4 10 12 3.4 148 52 3.9 146 16 26 3.4 100 I Ye s r- :>-
14 13 .9 17 12 5 .2 l&SL ~ :!2.. ~ 22 0 .56 17 .!.l2...- 36 D.53
Vl
4.4 No ...,
-<
Mean 6.4 11.0 9 .8 4 .7 153 59 .0 4 .7 145 25 .2 16 .6 4 .0 119 25 .0 d
± SEM 2.5 2.0 1.0 0 .5 2.3 2 .5 0 .5 3 .9 4 .0 2 .6 0.2 5 .7 6 .3 ;<l
P Valu e 0 .62 0 .69 0 . 15 0 .06 0 .02 0. 00 1 0 .0 8 0 .0 6 0. 003 0 .35 0.67 0 .5 1 0 .002 z:>-
...,
Aort a Sy st = ao rtic systoli c press ure : Coarc Grad = systoli c coarcta t ion gradient : Ra tio Ci lsth Dia = ratio of coarctation site to isthmus d iameters: <""m m
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Figure 2. Patient 2. A, Preangioplasty aortogram of a 4 year old
girl with a discrete "membranous" coarctation and a rest gradient
of 32 mm Hg. B, Aortogram obtained 18 months after angioplasty
demonstrating a virtually normal aorta. No residual gradient was
present.
of 14 children (64%) followed up for ;;:::12 months after
angioplasty were documented to have a good result, with a
mean residual gradient of 4.3 mm Hg. Hypertension either
resolved or decreased in all but one child and symptoms of
claudication resolved in all affected children. Four children
had a residual gradient >20 mm Hg at follow-up (two were
infants, and in two the coarctation was dilated with a balloon
4 to 5 mm smaller than the isthmus) and another child was
found to have an aneurysm at the dilation site. These find-
Figure 3. Patient 4. A, Preangioplasty aortogram of a 5 year old
boy with a discrete coarctation and a rest gradient of 50 mm Hg.
Two years earlier, the patient had undergone attempted surgical
repair that was aborted in the operating room because of a poor
collateral circulation. B, Follow-up aortogram 16 months after
angioplasty demonstrating a smooth aortic contour with mild nar-
rowing at the dilation site. The residual gradient was 12 mm Hg.
ings are based on data obtained at cardiac catheterization
and angiography at an average of 15.3 months after angio-
plasty, and constitute the longest follow-up study to date of
angioplasty for native coarctation.
Previous studies. Our findings are consistent with those
reported in a small number of previous studies (10, 12-14).
Lababidi et al. (12) for example, described their experience
l ACC Vo!. 10. No.5
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Figure 4. Patient 13. A, Preangioplasty aortogram of an 8 year
old boy who had a 52 mm Hg coarctation gradient. B, Follow-up
aortogram 26 months later demon strates a small saccular aneurysm
at the angioplasty site . A I mm Hg residual gradient was present.
with balloon angioplasty in 20 children with a native coarc-
tation. The procedure was performed without mortality or
serious morbidity and acutely decreased the coarctationgra-
dient from 53 to 10mm Hg. Nine children underwent repeat
catheterization an average of 8.6 months after angioplasty
and were found to have a mean residual gradient of 17.7
mm Hg (range 0 to 32). In only twochildren, both neonates,
had the follow-up gradient increased appreciably from that
measured immediately after angioplasty. Clinical improve-
ment was noted in all symptomatic children and no aneu-
rysms were encountered. Similarly. Cooper et al. (1 3) re-
ported favorable short-term results from percutaneous balloon
angioplasty in fi ve children with a native coarctation. An-
gioplasty reduced the coarctation gradient from 35-70 to
0-10 mm Hg in these patients without any serious short-
term complications.
Long-term effectiveness of angioplasty. In contrast,
others have questioned the long-term effectiveness of bal-
loon angioplasty for native coarctation (8, 10,11 ,17). Of
particularconcern has been recurrent stenosis, especially in
infants, and late aneurysm formation. Finley et al. (II )
reported clinical evidence of early restenosis in two of four
newborns by the 4th day after angioplasty; one child was
well palliated, however, and did not require surgical repair
until 8 months of age. Of the other two infants in their
report, one had an excellent long-term result and the other
died after catheter perforation of the angioplasty site. Lock
(8) and Sperling (10) and their coworkers also described
early recurrence of coarctation in a small number of infants
(n :::: 3) treated with balloon angioplasty. The neonate in
the report by Sperling et al. improved clinically, however,
and early surgery was avoided. In our series, heart failure
resolved completely in the two infants with failure at pre-
sentation, despite only modest gradient relief in the 6 month
old. Although these small series suggest that angioplasty
may achieve less than idealgradient relief in infants, several
infants have experienced excellent palliation from the pro-
cedure 00-1 2). In these patients, surgical repair may be
postponed to an older age when long-term results of surgery
are also more favorable (1-3) . Further, with refinements in
angioplasty catheters and technique, the results in this age
group can be expected to improve.
Late aneurysm formation. This is also a concern after
balloon angioplasty of native coarctation. Lock et al. showed
in an animal model (18) and in excised human aortas with
coarctation (19), that angioplasty produces intimal and me-
dial tears. The lesions were completely healed by 2 months,
however, and transmedial tears were observed only if the
balloon had been overdistended or ruptured. Marvin et al.
(17) reportedevidence of aneurysm formation at the dilation
site in 6 of II children with a native coarctation evaluated
7 to 14 months after angioplasty. Pathologic examination
of resected aneurysms revealed intact adventitia, linear me-
dial tears and local medial thinning. More recently, Cooper
et al. (15) reported aneurysmal dilation in three of seven
children evaluated 14 months after angioplasty. In contrast,
in the largest angiographic follow-up study to date, we iden-
tified an aneurysm in only I of 14children. In a 15thchild,
no evidence of an aneurysm was found on NMR imaging.
Similarly, no aneurysm was found in the II children re-
ported by Lababidi (1 2) or Allen (1 4) and their coworkers.
The difference in reported incidence of aortic aneurysmafter
angioplasty may relate to balloon size, the nature of the
coarctation undergoing dilation or to the investigators' def-
B
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inition of an aneurysm. We concur with Morrow et al. (20).
who observed that some irregularities of the aortic contour
noted after angioplastycan be demonstrated. by high quality
angiography, to be present before angioplasty. It is clear
that more studies are needed to assess the long-term risk of
aneurysm formation after angioplasty and to determine how
this risk compares to that after surgical repair (4.5).
Recommendations. The role of percutaneous balloon
angioplasty in the treatment of children with a native coarc-
tation remains to be defined. The data presented in this
report, however, suggest that angioplasty may prove val-
uable in a number of ways. First. angioplasty may replace
surgery altogether for some children. Our data suggest that
this is most likely for children whose preangioplastygradient
is < 50 mm Hg. We, and others (14). have had the impres-
sion that children with a "membranous" coarctation (very
discrete with a well developed aorta just proximal and distal
to the stenosis) respond most favorably to angioplasty (Fig.
2). Because discrete membranous coarctations generally have
a modest gradient. the 50 mm Hg threshold noted in our
study may relate to this anatomic substrate. Angioplasty
may be particularly suited for this type of coarctation. which
often has a poorly developed collateral circulation and there-
fore may carry an increased surgical risk. Second. angie-
plasty may offer an effective palliative approach to coarc-
tation in early infancy. There are few data in this age group.
but it appears that gradient relief may be less complete and
recurrence of stenosis more common than in older children.
Nevertheless. angioplasty may provideeffective nonsurgical
palliation until an infant attains an age at which long-term
surgical results are also more favorable (103) . More lon-
gitudinal data are necessary to evaluate the risksof restenosis
and aneurysm formation before balloon angioplasty is used
routinely to treat native coarctation. Until such data become
available. it is recommended that the procedure be per-
formed only in the context of an approved investigative
protocol.
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